Understanding Pore Surface Modification of Sucrose-Modified Iron Oxide/Silica Mesoporous Composite for Degradation of Methylene Blue by Pertiwi, Yuvita Eka et al.
 
Understanding Pore Surface Modification of Sucrose-
Modified Iron Oxide/Silica Mesoporous Composite for 
Degradation of Methylene Blue 
 
Yuvita Eka Pertiwi1, Maria Ulfa2,*, Teguh Endah Saraswati1, Didik Prasetyoko3, 
Wega Trisunaryanti4 
 
1Department of Chemistry, Faculty of Mathematics and Natural Sciences, Sebelas Maret University, 
Jl. Ir. Sutami 36A Surakarta 57126 Indonesia. 
2Department of Chemistry Education, Faculty of Teacher Training and Education, Sebelas Maret University,  
Jl. Ir. Sutami 36A Surakarta 57126 Indonesia. 
3Department of Chemistry, Faculty of Science and Data Analytics, Institut Teknologi Sepuluh Nopember,  
Keputih, Sukolilo, Surabaya 60111, Indonesia. 
4Department of Chemistry, Faculty of Mathematics and Natural Sciences, Gadjah Mada University,  
Sekip Utara Bulaksumur 21 Yogyakarta 55281 Indonesia. 
Bulletin of Chemical Reaction Engineering & Catalysis, 16 (3) 2021, 459-471 
Abstract 
Santa Barbara Amorphous (SBA-15) containing iron oxide with a sucrose-modified in a heterogeneous reaction for 
degradation methylene blue (MB) successful synthesized used hydrothermal, ultrasonication, and wet impregna-
tion method. SBA-15 is mesoporous silica that can easily serve as external and internal surfaces making it suita-
ble for a wide range of applications. The structure and morphology of materials were characterized using Surface 
Area Analyzer (SAA), X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Scanning Elec-
tron Microscope-Energy Dispersive X-Ray (SEM-EDX), and Transmission Electron Microscopy (TEM). Iron oxide 
impregnated as a maghemite phase has an average size of 12 nm and well distributed on the SBA-15. After modi-
fied with sucrose the materials remaining stable, which has a two-dimensional hexagonal (p6mm) structure, high 
specific surface area, and large pore volume (up to 1.82 cm3.g−1). The degradation of MB was evaluated under visi-
ble light irradiation using UV-Vis spectroscopy. Catalytic activity showed efficiencies of 52.9; 70.2; and 21.1% for 
SBA-15, Fe2O3/SBA-15, and sucrose-modified Fe2O3/SBA-15 respectively. Sucrose-modified Fe2O3/SBA-15 has the 
lowest efficiency, which probably occurs due to the presence of pore-blocking and the formation of micropores on 
the external pore. The modification with sucrose has the advantage of producing a high surface area even though 
there is a catalytic center due to partial decomposition which causes a decrease in the efficiency of degradation of 
MB. All materials provide a high micro surface area so that they can be further adapted and can be widely applied 
to many potential applications as both catalyst support and an adsorbent. 
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1. Introduction 
The photocatalytic method is a method used 
to decompose organic compounds into simpler 
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compounds using photon energy and UV radia-
tion. Over the last few decades, photocatalyst 
technology has developed rapidly as a new ap-
proach in finding solutions to clean environmen-
tal pollutants [1,2]. Various types of functional 
materials have been synthesized and applied as 
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photocatalysts for efficient degradation of 
methylene blue (MB) under visible radiation 
[3]. One approach to increasing catalytic activi-
ty is through increasing the efficiency of photo-
generation carriers (electrons and photogenera-
tion holes) with suitable heterogeneous catalyst 
support materials (such as precious metals and 
metal oxides) or building catalysts with various 
compositions and surfaces structures [4]. An-
other advantage of heterogeneous catalysts is 
that they can be reused by simple regeneration 
methods such as washing and high tempera-
ture decomposition. Mesoporous silica type cat-
alytic support materials, such as MCM-41 and 
SBA-15 have been used as catalyst supports for 
metal catalyst dispersion [5,6]. Mesoporous sili-
ca SBA-15 is one of the molecular filters [7] 
which is inert, highly regular structure, large 
pore size (range 4-30 nm), thick frame walls [8], 
and higher thermal interference than M41S 
materials [9]. Mesoporous silica synthesis is a 
simple method that involves forming micellar 
from a surfactant as a soft template for silica 
sources followed by hydrothermal and calcina-
tion processes (Figure 1). 
However, for photocatalyst applications, the 
structure of porous silica is generally only dom-
inated by silanol (Si−OH) so that the photo-
catalyst process only centers on the dispersed 
catalyst metal on the surface of the silica. The 
lack of functional groups in the support materi-
al will reduce the ability of the chemical and 
physical interactions of the catalyst material. 
Chemical interactions in photocatalytic occur 
through functional groups that easily bind to 
organic molecules to be catalyzed, while physi-
cal interactions occur through contact between 
pores and organic molecules during absorption. 
On the other hand, the character of SBA-15 
mesoporous silica with its high surface area, 
biocompatibility, chemical stability, and ad-
justable porous structure makes the mesopo-
rous silica surface easy to modify [10]. So that 
the problem of the lack of functional groups in 
mesoporous silica SBA-15 can be handled by 
surface modification with organic molecules. 
Functionalization methods that have been 
widely used in previous research are the co-
condensation method, the encapsulation pro-
cess, and post-synthesis techniques, such as 
the grafting technique. One of the surface mod-
ification techniques is the surface functionali-
zation of the catalyst material in general by 
adding organic or inorganic compounds which 
have a catalytic process support functional 
group. Several researchers have modified mes-
oporous silica through functionalization with 
modifying agents [11], doping with nitrogen 
[12,13], and oxidation with acid solutions [14]. 
On the other hand, it has prepared mesoporous 
silica-based composites through the loading of 
iron oxides [15,16], zero valence iron [17], dou-
ble metal oxides [18] on SBA-15 mesoporous 
silica. Functionalization in previous studies 
generally uses metal oxide embedding. Func-
tionalization with organic compounds is very 
rare in previous research. One of the potential 
organic compounds as a functionalization agent 
is sucrose. 
Figure 1. A schematic synthesis of silica SBA-15. 
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Sucrose is a polymer compound that can be 
used as supporting material and stabilizes ordi-
nary mesostructures [19]. In addition, sucrose 
is an organic material that is environmentally 
friendly and effective for the dispersion of na-
noparticles [20]. In general, sucrose, like other 
oligosaccharides, undergoes hydrolysis in acidic 
media and forms monosaccharides. In addition, 
sucrose can undergo further degradation into 
heterocyclic aldehydes (furfurals) suitable for 
the addition of the −OH functional groups or 
double carbon chains in the functionalization of 
materials [21]. Surface modification of mesopo-
rous silica through the addition of sucrose can 
affect the adsorption characteristics of the final 
material.  
The adsorption characteristics of materials 
are very important considerations in dye degra-
dation applications. However, to the best of our 
knowledge, research on the modification of sili-
ca-based catalyst materials by the sucrose func-
tionalization method has not been carried out 
before. Based on this, this research will study 
the effect of adding sucrose to the mesoporous 
structure of impregnated metal oxide SBA-15 
silica to explain the effect of functionalization 
in the photocatalytic application of methylene 
blue. Iron oxide impregnated into SBA-15 mes-
oporous silica is hematite (-Fe2O3) because it 
has high photocatalyst performance due to its 
small band gap (2.1–2.2 eV), which is advanta-
geous for absorbing photons in the visible light 
range, chemically stable, and cost-effective [22]. 
The functionalization of sucrose in iron ox-
ide/SBA-15 is expected to increase the attrac-
tiveness of the MB molecular group and in-
crease the overall photocatalytic results due to 
the support of the pore number of SBA-15 and 
the additional functional groups of sucrose 
(Figure 2). Material properties were studied 
with Surface Area Analyzer (SAA), Fourier 
Transform Infrared Spectroscopy (FTIR), Scan-
ning Electron Microscope-Energy Dispersive X-
Ray (SEM-EDX), Transmission Electron Mi-
croscopy (TEM), and catalytic activity was 
studied through UV-Visible spectroscopy. 
 
2. Materials and Methods 
2.1 Materials 
The equipment used in this study includes 
furnace OTF 1200X, oven (Memmert UF110), 
UV-Visible spectroscopy (Perkin Elmer Lamb-
da 25), black box reactor, and mercury lamp 
(Philips HPL-N 125W/542 E27). The research 
materials used include Pluronic 123 (Merck, 
~5800 g/mol molar mass), TEOS (tetraethyl or-
thosilicate, 98.0%), Fe(NO3)3.9H2O (Merck, 
403.95 g/mol molar mass), sucrose (Sigma-
Aldrich, 342.3 g/mol molar mass), and HCl so-
lution (Merck, 37%). 
 
2.2 Synthesis of Santa Barbara Amorphous 
(SBA-15) with Hydrothermal Method 
SBA-15 was synthesized by hydrothermal 
method according to research conducted by 
Zhao et al. [23] modified by Belmoujahid et al. 
Figure 2. A schematic showing the sucrose-modified iron oxide/silica mesoporous SBA-15. 
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[24]. First, 4 g of P123 were dissolved in an acid 
medium with 19.5 mL of concentrated hydro-
chloric acid (37%) and 127 mL of distilled wa-
ter. The mixture was stirred with a magnetic 
stirrer so that it was homogeneous at 300 rpm 
for 2 hours at 50°C. After that, the 8.62 g TEOS 
(silica source) was added to a homogeneous 
mixture with a ratio of 1 TEOS: 0.017 P123: 
5.68 HCl : 197 H2O and continued stirred with 
a magnetic stirrer under the same conditions 
for 4 hours. The mixture was put into an auto-
clave and heated in an oven for aging processes 
for 24 hours at 100 °C. The white precipitate 
obtained was filtered using a Buchner funnel 
and washed with 200 mL distilled water. 
Furthermore, the material was dried using 
an oven for 24 hours at a temperature of 100 
°C. If there were still small grains, they must 
be crushed to produce a very fine powder. The 
P123 surfactant was removed to produce pores 
through calcined at 550 °C for 4 hours, then 
cooled to room temperature.  
 
2.3 Synthesis Sucrose-modified Fe2O3/SBA-15 
Fe2O3/SBA-15 was prepared using 
Fe(NO3)3.9H2O as a metal precursor which was 
studied by wet impregnation by dissolving 
Fe(NO3)3.9H2O into distilled water then added 
SBA-15 powder. The mixture was ultrasonicat-
ed for 15 minutes then stirred with a magnetic 
stirrer at a temperature of 50 °C at 300 rpm for 
4 hours. Furthermore, the material was dried 
using an oven at 100 °C for 24 hours. The ma-
terial was calcined at 750 °C for 4 hours to ob-
tain Fe2O3/SBA-15. 
A sucrose solution was prepared with 1.25 g 
of sucrose dissolved in 5.0 mL of distilled water 
and 0.076 mL of H2SO4 added dropwise, while 
stirring. Furthermore, Fe2O3/SBA-15 was   
added to the sucrose solution. The resulting 
mixture was put in an oven for 6 hours at 100 
oC, and continued at 160 °C for 6 hours. The 
second solution was prepared with 0.85 g of su-
crose dissolved in 0.049 mL H2SO4 and 5.0 mL 
distilled water. A silica sample containing par-
tially polymerized sucrose was added from the 
previous step. Then, the two-step heating pro-
cedure was repeated to dry the resulting mix-
ture. Finally, dark brown powders were charac-
terized by SAA, FTIR, SEM-EDX, and TEM. 
The photocatalytic degradation activity of 
MB was carried out under visible light radia-
tion. The visible light source used was a 125 W 
mercury lamp. The mass ratio of iron ox-
ide/SBA-15 modified with sucrose and MB was 
1:5 with a concentration of 5 ppm. Then the 
mixture was stirred using a shaker (250 rpm) 
in a black box reactor and given a mercury 
lamp. The absorbance measurement used UV-
Vis spectroscopy at a wavelength of 663 nm 
with time variations of 0, 15, 30, 45, and 60 
minutes.  
 
3. Results and Discussion 
The specific surface area and pore structure 
of SBA-15, Fe2O3/SBA-15, and sucrose-modified 
Fe2O3/SBA-15 were characterized by Brunauer-
Emmett-Teller (BET) method and the nitrogen 
sorption isotherms and Barrett-Joyner-
Halenda (BJH) pore size distribution curve. 
For comparison, the results of BET specific 
surface area and pore structure information 
are summarized in Table 1. 
According to the classification of the Inter-
national Union of Pure and Applied Chemistry 
(IUPAC), two isotherm curves in Figure 3 indi-
cate the presence of N2 uptake as a result of ca-
pillary condensation and can be classified as IV Figure 3. N2 adsorption-desorption isotherm 
for synthesized SBA-15 and Fe2O3/SBA-15. 
Sample SBET (m2.g−1) SBJH (m2.g−1) VBJH (cm3.g−1) DBJH (nm) 
SBA-15 498.9 292.8 0.73 10 
Fe2O3/SBA-15 389.5 160.2 0.66 3.2 
Sucrose-modified Fe2O3/SBA-15 1980 25370 1.82 3.2 
Table 1. The surface area analysis results of SBA-15, Fe2O3/SBA-15, and sucrose-modified 
Fe2O3/SBA-15. 
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type isotherm for mesoporous type which gives 
relative BET surface area (498.9 and 389.5 
m2.g−1, respectively, Table 1). Meanwhile, the 
results of the sucrose modification of 
Fe2O3/SBA-15 showed the BET and BJH sur-
face area, 1980 and 25370 m2.g−1, respectively. 
Furthermore, it can be seen from Figure 3 
that the H1 type hysteresis is formed with nar-
row slit holes in a wide relative pressure P/P0 
range 0.6 to 0.8 for mesoporous SBA-15. It sug-
gests SBA-15 is a cylindrical material and ex-
ists mesopore structure and the compounds 
have uniform mesoporous structures and slit 
pore geometry [15]. 
The Fe2O3/SBA-15 exhibits hysteresis of 
H2(b) type associated with pore-blocking by 
iron oxide particles on mesoporous SBA-15 [25]. 
In Table 1 also shows that in the pore volume 
of SBA-15, Fe2O3/SBA-15, and sucrose-modified 
Fe2O3/SBA-15 are 0.73, 0.66, and 1.82 cm3.g−1. 
A reduction in specific surface area, total pore 
volume, and mesopore size are observed, as ex-
pected for a successful impregnation of iron ox-
ide on mesoporous SBA-15. Meanwhile, the in-
crease in surface area and total pore volume in 
sucrose-modified Fe2O3/SBA-15 is predicted to 
come from the formation of micropores from 
the conversion of sucrose to carbon, where 
some of the carbon from sucrose fills the mi-
cropores and mesopore. This will cause the for-
mation of becomes micropore carbon and meso-
porous carbon after heating 100–160 °C with 
the help of an acid catalyst. This is confirmed 
by the elemental analysis, where 30.9% carbon 
was detected in the sample and contributed 
pores to the sucrose-modified Fe2O3/SBA-15. 
The pore size distributions of SBA-15, 
Fe2O3 /SBA-15, and sucrose-modif ied 
Fe2O3/SBA-15 shown in Figure 4 were obtained 
from the desorption analysis of the branches in 
the isotherm. It can be seen that the three ma-
terials have a pore size distribution of SBA-15 
which is loaded at 10 nm, the Fe2O3/SBA-15 
have a bimodal pore size distribution centered 
at 3.2 and 10 nm, while sucrose modified shows 
the dominance of micropores where the majori-
ty pore distribution is at the pore size below 5 
nm. This was confirmed by XRD and SEM-
EDX, where the SBA-15 material had the dom-
inant mesopores of the P123, TEOS self-
assembly processes as a surfactant and source 
of silica. Meanwhile, after impregnation with 
Figure 4. Pore size distribution of SBA-15; Fe2O3/SBA-15; and sucrose-modified Fe2O3/SBA-15. 
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the Fe2O3 source, the sample was transformed 
into a bimodal pore due to iron oxide blocking 
of SBA-15 pores. Interestingly, the modification 
with sucrose in a micropore dominant pore size 
distribution because the mesoporous part of the 
SBA-15 pore was not only covered by micropore 
carbon from partially carbonized sucrose but 
was also covered by Fe2O3 when pore filling of 
the silica wall during the modification period. 
The composition information and chemical 
bonding structure of SBA-15, Fe2O3/SBA-15, 
and sucrose-modified Fe2O3/SBA-15 were iden-
tified used FTIR spectroscopy as shown in Fig-
ure 5. Results of the IR spectra shows the same 
adsorption peaks at around 460 cm−1 assigned 
to the Si−O bending stretching vibration [26]. 
The adsorption peaks at around 1065 cm−1 and 
810 cm−1 are attributed to the asymmetric and 
symmetric stretching vibration mode of 
Si−O−Si, respectively [27,28]. 
The peaks around at 3400 cm−1 and 1623 
cm−1 are belong to the stretching vibration of 
O−H associated with physisorption water and 
surface silanol groups of SBA-15 [29]. In addi-
tion, it is shown also peak at around 590, 568, 
and 540 cm−1 detected in the iron oxide impreg-
nated silica mesopore correspond to the 
stretching vibration of Fe−O. Based on the re-
sults indicates that iron oxide has been suc-
cessfully dispersed on the SBA-15 silica meso-
porous material. The peak around at 1722 cm−1 
was attributed to carbonyl stretching [30]. The 
peaks at 2929 cm−1, 1410 cm−1, and 1201 cm−1 
assigned to the stretching C−H, bending CH2, 
and C−O, respectively show that the function-
alized surface of  sucrose-modified      
Figure 5. Spectra IR of SBA-15; Fe2O3/SBA-15; and sucrose-modified Fe2O3/SBA-15 (a), and repre-
sentative deconvolution IR of sucrose-modified Fe2O3/SBA-15 (b). 
Figure 6. Low-angle (a) and wide-angle (b) XRD patterns for hematite, SBA-15, Fe2O3/SBA-15 and 
sucrose-modified Fe2O3/SBA-15. 
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Fe2O3/SBA-15 [31]. By deconvolving the su-
crose-modified Fe2O3/SBA-15 in the Gaussian 
profile showed the fourfold are Si−O−Si 
(1075.32 cm−1), CH2 (1206.84 cm−1), C=C asym-
metric (1616.19 cm−1), and C=O (1729.97 cm−1). 
Illustrates of deconvolution the appearance of 
three peaks in the 1200-1800 cm−1 range con-
firm that the sucrose modification of iron ox-
ide/SBA-15 was successful [32]. 
XRD patterns of SBA-15, Fe2O3/SBA-15 and 
sucrose-modified Fe2O3/SBA-15 in wide-angle, 
and low-angle are shown in Figure 6. All of 
samples show three identical (100), (110), and 
(200) reflections of the 2D hexagonal meso-
structure with p6mm symmetry in low-angle 
XRD pattern (Figure 6 (a)), which suggests the 
ordered hexagonal mesoporous structure of 
SBA-15 is kept after different treatment 
[33,34]. The wide angle XRD patterns are 
shown in Figure 6 (b), a broad peak appeared 
in the 2θ range 15° is attributed to the basic 
structure of SBA-15. It does not vanish even af-
ter loading iron oxide species into the silica 
mesopore SBA-15. 
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Figure 8. TEM of Fe2O3/SBA-15. 
Figure 9. Effect of contact time on the adsorption of methylene blue analyzed by UV-Vis spectroscopy. 
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According to these observations, we could 
find the structural stability of silica mesopore 
SBA-15 after iron oxide was impregnated. After 
iron oxide-impregnation possessing peaks at 
24.23; 32.25; 35.44; 39.31; 53.70, and 62.77° are 
attributed to the diffraction planes (110), (121), 
(110), (222), (132), and (130), respectively. 
These peaks are of iron species hematite phase 
or -Fe2O3 (JSPDC Card no. 85-0987). 
After iron oxide impregnation, there was the 
iron oxide peaks are less visible, possibly due to 
the amorphous structure of silica material 
SBA-15, so that the peaks between SBA-15 and 
iron oxide overlap. The impregnation process of 
iron oxide on silica SBA-15 was successfully 
carried out and indicated by the color change in 
the material, where SBA-15 was a white pow-
der after the impregnation process formed 
brick-red powder. In sucrose-modified SBA, Fe 
peaks are also seen even though the intensity 
decreases because some of the Fe is covered by 
carbon or other functional groups of sucrose. 
The surface morphology of SBA-15, 
Fe2O3 /SBA-15, and sucrose-modif ied 
Fe2O3/SBA-15 were explored by SEM analysis. 
As shown in Figure 7a, the morphology of pure 
SBA-15 showed a rod-like shape inconsistent 
with the one reported by Erdogan et al. [35]. 
SEM micrographs of both SBA-15 and 
Fe2O3/SBA-15 show a uniform and homogene-
ous surface as well as forming elongated arrays 
[36]. Sucrose-modified Fe2O3/SBA-15 materials 
show the heterogeneous particle shape. 
EDX measurement is used as quantitative 
analysis for the presence of the oxygen, silica, 
and metal components on the surface of the 
composites. The oxygen content slightly in-
creases after impregnation and sucrose-
modified (Figure 7b-c) due to the addition of 
iron oxide and sucrose. Elemental analysis of 
SBA-15 shows the presence of Si 53.5% and O 
46.5%, respectively. The impregnation of iron 
oxide was successfully carried out and it was 
shown in the EDX spectra that metal elements 
appeared 5.05%. Sucrose-modified Fe2O3/SBA-
15 was successfully and confirm from the ele-
mental analysis showed that the presence of 
carbon 30.9% and metal elements appeared 
2.2%. 
The structures of the iron oxide-containing 
materials were measured by transmission elec-
tron microscopy (Figure 8) shows the visualize 
the expected close-packed hexagonal arrange-
ment of parallel mesopores characteristic of the 
p6mm space group. The average wall thickness 
was ~5.43 nm with similar width pore diame-
ters [37]. The structure of Fe2O3/SBA-15 con-
sists of long-cylindrical pores running parallel 
to each other in the same direction and it is 
clear that the metal clusters are better dis-
persed.  
The photocatalytic activity of SBA-15, 
Fe2O3/SBA-15, and Fe2O3/SBA-15 modified su-
crose is shown in Figure 9 which shows a de-
crease in absorbance curve with increasing cat-
alyst contact time with MB and has an efficien-
cy percentage of 52.9, 70.2, and 21.1%, respec-
tively (Figure 10). The results are similar to 
previous studies which achieved an efficiency 
of 60-90% using pure iron oxide without the 
support material [38–40]. The iron oxide that 
has been successfully embedded in silica SBA-
15 has a hematite phase with a bandgap ener-
gy of 2.2 eV [41]. However, catalytic activity 
Figure 10. Photodegradation of MB using SBA-15, Fe2O3/SBA-15, sucrose-modified Fe2O3/SBA-15 
(left) and efficiency percentage degradation of MB using catalyst (right).  
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centered on Fe2O3/SBA-15 utilizes the presence 
of iron oxide acts as a catalyst, and mesoporous 
SBA-15 with a large specific surface area can 
provide more active sites for the catalytic pro-
cess and support the even dispersion of metal 
oxides [6,42]. 
Degradation of MB with Fe2O3/SBA-15 cata-
lyst shows the best results compared to other 
materials, this is possible the role of iron oxide 
contained in silica SBA-15 to increase its photo-
catalytic activity. This is consistent with the 
use of hematite in other catalyst support mate-
rials, with Zn--Fe2O3 reaching an efficiency of 
up to 87% [43]. Bandgap reduction occurred in 
TiNPS-Fe2O3 and AgNPs-Fe2O3 which in-
creased photocatalytic activity in the degrada-
tion of Congo Red [44]. Degradation efficiency 
reaches 70% when using Cu-Fe2O3 for the deg-
radation of organic pollutants [45]. The result 
of the modification with sucrose on Fe2O3/SBA-
15 has the lowest efficiency, which probably oc-
curs due to the presence of pore-blocking and 
the formation of micropores on the external 
pore. 
Another phenomenon observed in sucrose-
modified Fe2O3/SBA-15 samples is that high 
surface area has a weaker role than the cata-
lytic center. It can be seen that the presence of 
carbon elements or other functional group resi-
dues from sucrose causes deactivation of the Fe 
element as a catalytic center capable of degrad-
ing methylene blue so it is very logical if the 
modification of Fe2O3/SBA-15 with sucrose pro-
duces a lower MB photocatalytic performance 
than the unmodified. Besides, the interfacial 
interaction between iron oxide immobilized by 
the high surface area of the SBA-15 mesopore 
supports the adsorption which is important in 
the degradation process. Modification of su-
crose in Fe2O3/SBA-15 helps the catalyst in 




Mesopore silica SBA-15 is an important sub-
strate with attractive characteristics, such as 
adjustable pore size and possible functionaliza-
tion using a variety of approaches. The surface 
functionalization method in this research has 
been successfully carried out by adding sucrose 
as a simple and low-cost organic molecule. The 
results of this study generally Fe2O3/SBA-15 
without modification and modification were 
successfully made. Unmodified samples showed 
higher catalytic performance than modified be-
cause of the presence of Fe as the catalytic cen-
ter. Meanwhile, the modification process with 
sucrose has the advantage of producing a high 
surface area even though there is a catalytic 
center due to partial decomposition which 
causes a decrease in the efficiency of degrada-
tion of methylene blue. All materials provide a 
high micro surface area so that they can be fur-
ther adapted and can be widely applied to 
many potential applications as both catalyst 
support and an adsorbent. Besides, variations 
in metal oxide precursors can be added in sub-
sequent studies to determine the effect of using 
precursors on the iron oxide produced. 
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